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Focusing on the chemical basis of dietary selection while investigating the nutritional ecology of animals 
helps understand their feeding biology. It is also important to consider food abundance/biomass while 
studying the mechanism of animal food selection. We studied leaf selection in two Bornean folivorous 
primates in relation to plant chemistry and abundance: proboscis monkeys inhabiting a secondary riverine 
forest and red leaf monkeys inhabiting a primary forest. Both species tended to prefer leaves containing 
higher protein levels, although more abundant plant species were chosen within the preferred species, 
probably to maximise energy gain per unit time. However, the two species showed clear differences in their 
detailed feeding strategy. Red leaf monkeys strictly chose to consume young leaves to adapt to the poor 
nutritional environment of the primary forest, whereas proboscis monkeys were not highly selective because 
of the better quality of its common food in the riverine forest. 

All free-living animals must make choices regarding the foods to be included in their daily diet, and these 
choices influence their nutritional state and ultimately their health and fitness. In investigations of the 
nutritional ecology of animals, focusing on the chemical basis of dietary selection promotes understand- 
ing of their feeding biology 1 . Such mineral and phytochemical studies have revealed a universal trend in food 
choice in herbivorous primates, particularly colobine monkeys: they prefer foods with more protein 2 6 . On the 
basis of this finding, it has been proposed that the protein-fibre ratio of leaves positively correlates with the 
abundance of colobine monkeys 5,7,8 . 

It is equally important to investigate differences in the chemical basis of diet choice between closely related 
species with similar anatomy and, presumably, physiology because body size and subtle physiological differences 
in different colobines 9 may influence their tolerance of unfavourable environments such as a lower protein-fibre 
ratio of leaves; higher tolerance would enable the animals to be widely distributed among various types of forests. 
However, although many comparative studies of feeding ecology considering more than a single colobine species 
have been conducted 1013 , such studies have rarely investigated variation in feeding strategy in terms of food plant 
chemistry. Nonetheless, large variation in the chemical basis of diet selection, particularly leaf selection, between 
two Asian colobines (Presbytis rubicunda and P. melalophos) has been found, which may be explained by the 
difference in their habitats, i.e. peninsular Malaysia and the island of Borneo 2 . However, there is too little relevant 
information available to give an account of the mechanism of such variation. 

In addition to plant chemistry, food abundance/biomass is an important factor for understanding animal food 
selection 61416 . This is because the time required to find and handle food is a significant cost for animals in some 
cases, and it is important to consider the classic optimal foraging strategy model, i.e. animals maximise energy 
gain per unit time (travelling + foraging time) 17 . A multivariate approach is therefore essential to reveal inter- 
actions between chemical content and distribution or processing time. Although such studies are rare, some 
authors have investigated dietary selection on the basis of complex, integrated, multiple criteria, including both 
classic optimal foraging models and chemical content 14,16 . 

We studied leaf selection in two Bornean folivorous primates: proboscis monkeys (Nasalis larvatus) inhabiting 
a secondary riverine forest in the lower Kinabatangan, which spend more than 65% of their feeding time eating 
leaves 18 , and red leaf monkeys (P. rubicunda) inhabiting a primary forest in the Danum Valley, which spend 46% 
of their feeding time eating leaves 6 . Both species are members of the subfamily Colobinae, which includes at least 
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Table 1 Comparison of chemical properties [mean + standard deviation (SD)] of young leaves of common 
and secondary forests (A) and of young leaves (the top seven plant species) consumed by Presbytis rubicun 
consumed by Nasalis larvatus (B). Values are proportion of dry weight 


plant species between primary 
da with those of young leaves 






NDF 


Crude protein 


Crude ash 


Crude lipid 


Protein-to-fiber ratio 


(A) 


Primary forest 
Seconary forest 
P 


0.54 ±0.12 
0.39 ±0.13 
0.3 


0.12 ± 0.04 
0.13 ± 0.05 
0.214 


0.04 ± 0.02 
0.05 ± 0.02 
0.013 


0.03 ± 0.01 
0.02 ± 0.01 
0.405 


0.23 ± 0.08 
U.Jo ± U. 1 y 
0.001 


(B) 


Nasalis larvatus 
Presbytis rubicunda 
P 


0.47 ±0.10 
0.48 ±0.13 
0.949 


0.15 ± 0.03 
0.19 ± 0.05 
0.064 


0.05 ± 0.01 
0.05 ± 0.02 
0.949 


0.01 ± 0.01 
0.04 ± 0.03 
0.406 


0.33 ± 0.12 
0.44 ± 0.22 
0.406 



30 species that can be grouped into four to nine genera distributed in 
Asia and Africa 19 . The different species of colobine monkeys have 
similar stomach anatomy and physiology, with an enlarged, saccu- 
lated forestomach 9 , and are endemic to the island of Borneo. N. 
larvatus is a large, sexually dimorphic species; adult males have the 
largest body size among colobine species (approximately 20 kg), 
whereas adult females are about half the weight of males 20 . P. rubi- 
cunda is small-bodied and gracile and is less sexually dimorphic 
than N. larvatus; adults weigh approximately 6.0 kg 21 . N, larvatus 
is restricted to lowlands and is typically associated with coastal 
forest, including mangroves, and riverine, peat swamp and fresh- 
water swamp forests, whereas P. rubicunda is found in almost all 
habitat types of Borneo, excluding mangroves and freshwater swamp 
forests 22 . 

In a study of N. larvatus inhabiting peat swamp forests, Yeager 
et al. (1997) 23 compared consumed and nonconsumed leaves and 
provided comprehensive data on the roles of mineral and phyto- 
chemical constituents in leaf selection. Leaves of species used as food 
sources were significantly higher in protein and lower in fibre than 
those of species not used as food sources. Food sources of N. larvatus 
had higher concentrations of phosphorus and potassium, whereas 
nonfood sources had higher concentrations of calcium and mangan- 
ese. However, the behavioural data of that study were mostly derived 
from boat-based observations when the monkeys were close to river- 
side trees because the terrain was frequently swampy and impassable 
on foot 24 ; therefore, the data must be regarded as potentially biased, 
particularly in relation to the animals' feeding behaviour. Further- 
more, there are no data on the effects of both plant chemistry and 
food abundance on food selection in N. larvatus. Thus, to gain a more 
complete picture of leaf selection in N. larvatus, continuous observa- 
tions in both riverbank and inland forest habitats, including data on 
food abundance, are crucial. Food selection by P. rubicunda has been 
better studied than that of N. larvatus in terms of plant chemistry 
and food abundance. Studies at two different study sites in Borneo 
showed that P. rubicunda preferred not only plants with higher 
protein content but also plants that were more abundant 2,6 . 

In the light of new data on leaf selection by N. larvatus observed 
throughout the day for 13 months and published data on P. rubi- 
cunda 6 , we examined and compared leaf selection with a focus on 
plant chemistry and abundance. In particular, we sought to (1) com- 
pare the chemical properties of leaves in common plant species 
between the two habitat types (primary and secondary forests) of 
the two colobines; (2) describe leaf selection in detail, focusing on 
plant chemistry and abundance of N. larvatus in the secondary forest, 
which is comparable with that of P. rubicunda 6 , and (3) compare the 
chemical properties of consumed leaves between N. larvatus and 
P. rubicunda. Lastly, we discuss the reason for the variation in 
diet choice among these two closely related species with similar 
anatomy and physiology and the significance of their different 
feeding strategies with their different distribution patterns on the 
island of Borneo. 



Results 

Comparison of chemical properties of young leaves of common 
plant species between primary and secondary forests. As shown in 
Table 1A, the difference between the primary and secondary forests 
was not significant for NDF, crude protein and crude lipid but 
significant for crude ash. The proportion of condensed tannin- 
bound species did not differ between the study sites (% 2 = 1.10, 
P = 0.295). Furthermore, the protein-fibre ratio was significantly 
different between the two forests, indicating that the quality of young 
leaves of common plant species for the colobines in the secondary 
forest was higher than that of young leaves in the primary forest. 

Young leaf selection by N. larvatus. Selection between preferred 
species and common species. GLM for predicting whether N. 
larvatus monkeys decide the preferred young leaf species using 
their chemical properties and abundance indicated that abundance 
and crude protein were the significant factors (Table 2). The negative 
linear term for abundance indicated that N. larvatus selectively fed 
on young leaves in the forests. On the other hand, the positive linear 
term for crude protein indicated that they chose young leaves 
containing more crude protein. 

Selection within the preferred plant species. The best-fit model pre- 
dicting the percentages of the time eating young leaves of the pre- 
ferred species in N. larvatus included only the abundance of the plant 
species, with a negative effect (Table 3). The negative linear term, 
however, indicated that the monkeys spent more time eating young 
leaves of more abundant plants within the consumed plant species 
(Fig. 1, see Methods), though this tendency seems to be driven by the 
two "super-abundant" plant species, i.e. Mallotus muticus (Euphor- 
biaceae) and Lophopyxis maingayi (Lophopyxidaceae). 

Comparison of chemical properties of consumed young leaf 
between P. rubicunda and N. larvatus. Young leaves of only four 
(20%) of the common plant species in the primary forest were 



Table 2 | Results of generalised linear models (GLMs) used to 
examine whether Nasalis larvatus preferred young leaf species 
on the basis of chemical properties and abundance 


Coefficient 


SE 


Deviance 


P(z 2 ) 


(AlCc = 39.7) 
(intercept) -8.280 
Crude protein 26.049 
Crude ash 81.443 
Condensed 2.569 
tannin 

Abundance -0.039 


3.948 
13.343 
44.817 

1.528 

0.017 


42.165 
37.803 
36.861 
35.325 

27.295 


0.037 
0.332 
0.215 

0.005 


whether monkeys decide upon the preferre 
abundance 


d young leaf species by the chemical properties and 
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Table 3 Best-fit generalised linear models for the effect of chem- 
ical properties and abundance of preferred plant species (young 
leaves) on the percentage of feeding time 


Coefficient 


SE 


T 


P 


% Feeding time of young leaves 
(AICc= 70.6) 

(intercept) 0.627 
Abundance -0.003 


0.121 
0.001 


5.191 
-2.569 


0.000 
0.018 



consumed by P. rubicunda, although N. larvatus consumed young 
leaves of all common plant species (100%). In addition, in P. 
rubicunda, young leaves of S. macropterus (Leguminosae), the 
most consumed plant species, accounted for 62.3% of the total 
young leaves consumed and 27.9% of the total feeding time 6 , 
whereas in N. larvatus, the most consumed plant species (young 
leaves: M. muticus; Euphorbiaceae) accounted for only 9.9% and 
6.6%, respectively. Furthermore, the dietary diversity index of N. 
larvatus (H' = 0.98) was clearly higher than that of P. rubicunda 
(H' = 0.52), indicating that P. rubicunda is a more selective eater of 
young leaves than N. larvatus. 

As shown in Table IB, the differences between P. rubicunda andN. 
larvatus in the chemical properties of the top seven plant species 
consumed were not significant. In addition, the proportion of con- 
densed tannin-bound species among the consumed species did not 
differ between the two colobines (% 2 = 1.70, P = 0.193). 

Discussion 

The results of this study revealed significant differences in some 
chemical properties of the leaves in the common plant species 
between the secondary riverine and the primary forests and showed 
that leaf quality, i.e. protein-fibre ratio, was higher in the secondary 
riverine forest. This may be explained by differences in soil quality 
between the study sites. The leaves of trees growing on poor soils 
apparently contain lower levels of protein and higher levels of fibre 
than those of trees growing on better soils 42,43 . As discussed by 
Waterman et al. (1988) 44 , many common soils of Borneo are rather 
poor compared with those of Peninsular Malaysia. However, even in 
Borneo, certain areas exposed to seasonal flooding, such as forests 
along rivers, may be supplied with fertile soil by the flooded water. 
Plants inhabiting such forests along rivers may be expected to exhibit 
a higher protein-fibre ratio than those in inland forests. Indeed, 
seasonal flooding of the secondary riverine forest at our study site 
has been recorded, and the results showed that water covers a wide 
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Figure 1 | Relationship between abundance and time spent feeding (%) 
on young leaves. 



range of the secondary riverine forest 45 . In addition to the better soil 
hypothesis, it is also important to consider the plant life history. 
Compared with the primary forest, in the secondary riverine forest 
there are potentially fewer shade-tolerant plants and more plants that 
are gap specialists which generally contain more water and protein 
compared to shade-tolerant plant species 46 . Therefore, to test this 
possibility, further research on nutritional quality of leaves in riv- 
erine forest in relation to the distance from rivers is needed to better 
understand leaf quality in Bornean forests. 

Echoing the results on leaf selection between preferred and com- 
mon plant species by N. larvatus in this study, Yeager et al. (1997) 23 
noted that N. larvatus preferred leaves with higher protein levels. 
Preference for leaves containing higher protein levels is a general 
trend not only in N. larvatus but also in other colobine monkeys, 
including P. rubicunda 2 ' 5 , except for some colobine species inhab- 
iting nonprotein-limited forests 47 . Compared with primary forests, 
secondary riverine forests, with higher protein-fibre ratios of 
the leaves, would be more suitable habitats for colobines 48 . Nonethe- 
less, forests along rivers in Borneo may be considered as a protein- 
limited habitat for N. larvatus because this animal may need more 
protein owing to a larger body size (approximately 20 kg for adult 
males) compared with colobines with a smaller body size, including 
P. rubicunda (approximately 6 kg for adults). Thus, although N. 
larvatus inhabited forests along the river, with high-quality leaves, 
the general trend found for colobines was detected in this study. 

This is the first study to demonstrate leaf selection by N. larvatus 
within its preferred plant species. N. larvatus consumed the more 
abundant of its preferred plant species, though this tendency 
appeared to arise from the two preferred super-abundant plant spe- 
cies, i.e. there may not be any clear tendency if these plant species are 
excluded. In the latter case, the lack of a clear relationship may be 
explained by the better quality of common foods in the secondary 
riverine forest compared to that in the primary forest; it may not be 
necessary for monkeys inhabiting such forests to strictly rely on 
abundant foods. Nonetheless, the fact that N. larvatus consumed 
the more abundant of its preferred plant species may reflect max- 
imisation of their energy gain per unit time, i.e. the classic optimal 
foraging strategy model 17 appears to be applicable to this colobine 
species. Hanya and Bernard (2012) 6 also showed that food abund- 
ance is more important than other chemical properties in leaf selec- 
tion by P. rubicunda in primary forests. These are good examples 
showing that the travelling cost saved by selecting common plants 
exceeds the benefit gained by selecting higher- quality foods, i.e. 
leaves with higher protein levels. Thus, this study provides the novel 
finding that the classical optimal foraging strategy model can be 
applied to herbivores that spend most of their feeding time for ubi- 
quitous food sources such as leaves. 

Comparing the feeding strategies of different animals living in 
different habitats in relation to plant chemistry and abundance is a 
considerable challenge because it is usually difficult to determine 
whether the difference(s) seen is(are) attributable to the character- 
istics of the animal species or of the habitat types. Nonetheless, in this 
study, we were able to reveal the different feeding strategies of two 
Bornean colobines living in different habitat types. Although P. rubi- 
cunda inhabits primary forests, which produce lower-quality leaves 
than the secondary riverine forests inhabited by N. larvatus, to gain a 
similar level of chemical properties, P. rubicunda was highly selective 
in choosing which young leaves to consume as a means of adapting to 
the poor nutritional environment of the primary forest in Borneo. 
On the other hand, the feeding strategy of N. larvatus was more 
opportunistic; it chose to consume leaves with higher protein levels, 
although it was not highly selective because of the better quality of its 
common food. Although we performed a comparative analysis of 
only the major foods eaten by the two colobines (top seven plant 
species), our results may still adequately reflect their general similar- 
ities and differences in feeding strategies; if we include other rare food 
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plants eaten, the tendencies observed might be obscured as the ana- 
lysis applied did not consider the relative amounts of each plant 
species eaten. A tendency similar to that found to this study has been 
reported by Davies et al. (1988) 2 : banded leaf monkeys (Presbytis 
melalophos) inhabiting low-lying vegetation associated with a river 
terrace with rather fertile land soil in Peninsular Malaysia consumed 
foliage of many common plant species, although P. rubicunda inhab- 
iting primary forests in Borneo relies on rare plant species. These 
studies indicate the flexible leaf-eating strategy of colobines, depend- 
ing on the nutritional environment in their habitat. 

The difference in feeding strategy between the two colobines in 
this study provides insights into the distribution patterns of Bornean 
colobine monkeys. Although N. larvatus is closely associated with 
waterways, travelling inland to forage (generally up to 1 km) and 
returning to its sleeping sites along the river edge almost every even- 
ing 45-49 , other smaller-bodied colobine species, including P. rubi- 
cunda, are frequently found even in the inland primary forests of 
Borneo 22 . To expand their distribution to poor nutritional envi- 
ronments, i.e. inland forests of Borneo dominated by the family 
Dipterocarpaceae, colobine species may need to reduce their body 
size to acquire sufficient nutrition from patchily distributed high- 
quality leaves, such as those of the vine S. macropterus eaten by P. 
rubicunda in this study. 

In addition to the benefit of effective predation avoidance pro- 
posed previously 45,50,51 , N. larvatus maybe forced to range in flooded 
forests where it can easily obtain higher- quality leaves rich in protein 
(with a low fibre content) and minerals (crude ash) to maintain its 
large body. A previous explanation for riverine refuging by N. larva- 
tus mainly focused on an antipredator strategy: the monkeys may 
guard more effectively against attack from feline predators while in 
trees at the riverbank because predators can approach the monkeys 
only from the landward side 45,50,51 . However, the strategy of riverine 
refuging may provide not only N. larvatus but also other sympatric 
primates with the common benefit of an effective means of predation 
avoidance. Thus, to clarify the reasons why riverine refuging is more 
common in N. larvatus than in sympatric primates, it is important to 
consider the additional benefit of riverine refuging by N. larvatus 51 . 
Because a large body size generally permits a low-energy diet with a 
low nutrient density 52 , the large body of N. larvatus — the largest 
among the colobines — may allow more fibrous foods to be con- 
sumed. Nonetheless, it may be impossible to obtain adequate nutri- 
tion only from those limited high-quality leaves in inland forests to 
maintain the large body. Furthermore, the possibility of other nutri- 
tional problems in N. larvatus resulting from a large body size may be 
an important consideration 48 . For example, the large herbivorous 
mammals with forestomach such as sambar deer (Cervus unicolor) 
and banteng (Bos javanicus) inhabiting Bornean primary forests 
dominated by the family Dipterocarpaceae frequently use salt licks 
to obtain rich minerals such as calcium, magnesium, potassium and 
sodium 53 , suggesting that they acquire sufficient nutrition not only 
from plants but also from other sources. 

The effect of the social system of N. larvatus on its specific distri- 
bution pattern along rivers may be worth considering. N. larvatus is 
one of the various species reported to exhibit a multilevel social 
system, in which lower levels of social organisation aggregate into 
larger units 54,55 in Borneo. Therefore, the biomass of N. larvatus in the 
riverine habitat is estimated to be rather higher than that of sympa- 
tric primate species 24 , and the local density of individuals becomes 
high depending on temporal changes in food availability 56 . To orga- 
nise their specific social system, N. larvatus may be forced to live in 
flooded forests with abundant food sources of better quality. 

This study presents novel findings on leaf selection by two 
Bornean colobine monkeys living in the different habitat types. On 
the other hand, recent Asian colobine studies provide evidence of 
the dietary flexibility of these species: although most of the feeding 
time in Asian colobines, including N. larvatus and P. rubicunda, is 



devoted to the exploitation of young leaves, more than half of their 
monthly feeding time is accounted for by fruits (mostly unripe) and/ 
or seeds at certain times of the year 6,18,57 59 . However, there are fewer 
studies on the chemical basis of diet selection focusing on consumed 
fruits/seeds in Asian colobines compared with African colobines 60,61 . 
Future research should therefore consider not only leaves but also 
fruits/seeds in Asian colobines to provide a general understanding of 
colobine feeding strategies and better knowledge of the nutritional 
ecology of animals. 

Methods 

Study sites and collection of behavioural data. N. larvatus in secondary riverine 
forest. I. M. and two trained assistants conducted observations in the riverine forest 
along the Menanggul River, a tributary of the Kinabatangan River in Sabah, Borneo, 
Malaysia (118° 30' E, 5° 30' N), from May 2005 to May 2006. The southern area of the 
Menanggul River is extensively covered by secondary forest, whereas the northern 
area has been deforested for oil palm plantations, except for a protected zone along the 
river. Mean minimum and maximum temperatures were approximately 24 and 32°C, 
respectively, and the total annual precipitation at the site was 2510 mm (June 2005- 
May 2006) 25 . During the observation period, the river level varied by approximately 
1 m daily, the average level rising by more than 3 m during seasonal flooding in 
February and March 2006. 

The one-male multifemale group of N. larvatus (BE group: one adult male, six adult 
females, nine immatures) was habituated, and all monkeys in the group were iden- 
tified. Observational data were collected using focal animal sampling 26 on each 
observation day from around 06:00 h until 18:30 h on 11-17 days/month. The 
observers were separated into two groups to simultaneously follow one adult male 
and one arbitrarily selected female; note that this observation protocol may have 
introduced some degree of pseudoreplication into the data set, though we believe that 
its effect on the analysis performed was small. While following focal individuals, the 
time (s) spent in feeding behaviour was recorded. These continuous observations 
facilitated the calculation of time budgets of focal individuals, including the pro- 
portion of the day spent feeding and time spent feeding on individual food items 18 . 
The total observation time was 3506 h. 

P. rubicunda in primary forest. G. H. and six trained assistants conducted observa- 
tions in a primary forest around the Dan um Valley Field Centre (117 u 48' E, 4° 57' N) 
within the Danum Valley Conservation Area (438 km 2 ) located in Sabah, Borneo, 
Malaysia, from December 2006 to 2008. During 2007 and 2008, mean minimum and 
maximum temperatures were approximately 22.5 and 31.4°C, respectively, and the 
total annual precipitation at the site was 3115 mm 6 . The forest is predominantly 
composed of lowland dipterocarp trees 27 . 

One habituated group of P. rubicunda with 8-12 individuals was observed from 
around 06:00 h until 16:00 h on 5-10 days/month. Behaviour was recorded by scan 
sampling every 10 min. Feeding behaviour was recorded for all visible individuals, 
except for dependent infants. During feeding, the food category was recorded and the 
samples were collected for later identification 6 . The total observation time was 
1141 h. Although the behavioural data collection method used for P. rubicunda and 
N. larvatus differed, this is unlikely to have affected our results because different 
methodologies, i.e. focal and scan sampling, have previously been demonstrated to 
produce similar tendencies concerning colobine activity budgets (e.g. Colobus vel- 
lerosus 2 " 9 ). 

Vegetation survey. Secondary riverine forest. Along the trails (TR1-TR16; 
200-500-m long) in the study site, we labelled trees ^10 cm in diameter at breast 
height (DBH) and vines ^5 cm in diameter located 1.5 m from the trail; hence, the 
labelled width was 3 m and the vegetation survey area covered 2.15 ha (3 m X 
7150 m). All the labelled trees and vines were taxonomically identified with the help 
of the Forest Research Center, Sandakan, Sabah. 

Primary forest. Data on the botanical composition of the forest were obtained from 
Lingenfelder (2005) 30 . We used data for a 4-ha plot in the study site, for which all trees 
^10 cm DBH were identified to species and their DBH was measured. Because these 
data did not include lianas, data on Spatholobus macropterus (Leguminosae), an 
important food source for P. rubicunda at this site, were added 6 . A transect was set 
along a circular trail that covered most of the home range (approximately 16 ha), of 
4 m X 1.2 km, and the presence/absence of this liana for all trees along the transect 
was recorded. 

Leaf sampling. N. larvatus in secondary riverine forest. To compare the chemical 
properties of young leaves that were consumed and not consumed by N. larvatus, 
from October to December 2008, samples were collected of young leaves of the top 25 
species that accounted for 49.7% of the total feeding time (leaves of all species that 
accounted for ^0.5 of the feeding time) and the 25 most abundant species (number of 
plant species) in the study area of the vegetation survey. However, because of the 
difficulty in leaf sampling, of the top 25 species in feeding time and abundance, only 
18 and 19 plant species, respectively, were sampled for chemical analysis. For each 
tree species consumed, young leaf samples were collected from at least four individual 
trees in the vegetation survey area. At least 20 leaves were sampled for each species. 
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The leaves were kept in plastic bags and taken to FRC, where they were dried at 60°C 
for 60 h in an oven. The leaves were then stored in plastic bags and taken to the 
laboratory at the Primate Research Institute, Kyoto University, where they were again 
dried at 60 C for 48 h using a vacuum incubator. After weighing, the leaves were 
milled, placed in a plastic tube and kept in a desiccator. 

P. rubicunda in primary forest. The chemical properties of young leaves consumed 
and not consumed by P. rubicunda were compared. Young leaves of all species that 
accounted for >1% of the feeding time (31.4% of the total feeding time) and the 20 
most abundant species (basal area) were sampled in the study area of the vegetation 
survey 303 '. Seven consumed species and 16 nonconsumed species were included in 
the analyses. All other processes for chemical analysis were as described for N. 
larvatus 6 . 

Chemical analysis. Crude protein was determined using the Kjeldahl procedure for 
total nitrogen and multiplying the result by 6.25. Since fibre-bound nitrogen was not 
taken into account, metabolizable protein may have been lower 32 . Crude lipid was 
measured as diethyl ether extract using the Soxhlet method 33 . Crude ash was 
determined by ashing at 550°C. Neutral detergent fibre (NDF) was estimated using 
the method of van Soest et al. (1991) 34 . Condensed tannin was extracted with 50% 
methanol, and its presence/absence was determined using the butanol-HCl 
method 35 . Presence/ absence was used because it is difficult to detect subtle differences 
in leaf tannin content using this method 32,36 . The ratio of weight of the constituent to 
the total dry weight was used for analysis of crude protein, crude lipid, NDF and crude 
ash. 

Data analysis. Comparison of chemical properties of young leaves in common plant 
species between primary and secondary forests. The collected plant species (19 species) 
within the top 25 abundant species in the secondary forest (Sukau) and the top 20 
abundant species in the primary forest (Danum Valley) were defined as the common 
plant species at each study site. Using the Mann-Whitney U test, the mean values of 
chemical properties (NDF, crude protein, crude ash and crude lipid) in the common 
plant species were compared between the study sites. Because the protein-fibre ratio 
of leaves has been suggested to indicate leaf quality for colobines 4 , the mean protein- 
fibre ratio in the common plant species was also compared between the study sites 
using the Mann- Whitney U test. Because the data on condensed tannin were 
binominal (presence/absence), the x 2 test was used to determine whether the ratio of 
the common plant species containing the condensed tannin differed between the 
study sites. 

Young leaf selection byN. larvatus: comparison between preferred and common species. 
The top 25 plant species (18 species were available for analysis) consumed by N. 
larvatus in terms of the feeding time were defined as the preferred species. To examine 
whether N. larvatus decided on the preferred species using chemical properties (NDF, 
crude protein, crude ash, crude lipid and condensed tannin) and abundance (number 
of plant species), generalised linear model (GLM) analysis was performed, applying 
the binomial family to calculate the Akaike's information criterion for small samples 
(AICc 37 ; dispersion parameter, 1.09). The categorisation of preferred/common spe- 
cies (excluding species listed as preferred young leaf species) was the dependent 
variable, and chemical properties and abundance were independent variables. To 
select the best-fit model, models were assessed with the AICc using the AICc function 
of MuMIn Version 1.7.7 38 . The variance inflation factors (VIFs) were 1.18 for crude 
NDF, 1.17 for crude protein, 1.19 for crude ash content, 1.20 for crude lipid, 1.14 for 
condensed tannin and 1 . 14 for plant abundance, which were less than the cutoff value 
(10) 39 ; therefore, collinearity among independent factors did not affect the results. 
The model with the smallest AICc among all possible combinations of independent 
factors, including the null model, was chosen. Likelihood ratio tests were used to 
evaluate the linear model and the independent variables affecting categorisation. 

Young leaf selection by N. larvatus within the preferred plant species. Using GLM, the 
effects of chemical properties and abundance of the preferred plant species on the 
percentage of feeding time were assessed. The gamma family (link function = inverse, 
i.e. the calculated coefficient value reflects the inverse effect) was used to calculate the 
AICc (dispersion parameter, 0.65). VIFs were 1.09 for crude NDF, 1.47 for crude 
protein, 1 .48 for crude ash content, 1 .60 for crude lipid, 1 .23 for condensed tannin and 
1.53 for plant abundance, which were less than the cutoff value (10) 39 ; therefore, 
collinearity among independent factors did not affect the results. The model with the 
smallest AICc among all possible combinations of independent factors, including the 
null model, was chosen. 

Comparison of chemical properties of consumed young leaves between P. rubicunda 
andN. larvatus. To compare P. rubicunda with N. larvatus in terms of food selectivity 
and the chemical properties of young leaves consumed, the top seven plant species 
that accounted for approximately 30% of the total feeding time in both the colobines 
(P. rubicunda, 31.4%; N. larvatus, 31.8%) were chosen. Using the time spent eating 
young leaves of the top seven plant species in the two colobines, the Shannon- Wiener 
index of diversity (H' ) 40 was calculated to evaluate dietary selectivity for the top seven 
plant species; less dietary diversity means higher food selectivity. The mean chemical 
properties and the protein-fibre ratio of the top seven young leaves were also 
compared between the two colobines using the Mann-Whitney [/test. The % 2 test was 
used to determine whether the ratio of consumed plant species containing condensed 



tannins differed between the two species of colobines. R 2.14. 1 41 was used for all 
statistical analyses. 
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